It is shown that space-time smoothed outgoing longwave radiation (OLR) indices of equatorial Pacific seasonal variability can give an interestingly different perspective on El Niñ o than is obtained from sea surface temperature (SST) indices or the Southern Oscillation index (SOI). In particular, the index defined by averaging over an eastern-central region exhibits strong event like character-more so than in any other El Niñ o-Southern Oscillation (ENSO) warm-phase index known to the authors. Although the historical record for OLR is much shorter than for SST or SOI, OLR offers a direct connection to anomalous atmospheric heating. It is suggested that the years identified as events by this OLR index deserve particular recognition; and it is noteworthy that they all meet the criteria for ''El Niñ o'' years. Other years, whose warm-ENSO status differs depending upon the index favored, are not particularly distinctive from an OLR perspective, and a case could be made that either the other years do not deserve special classification or that they should be identified as different from the OLR-distinguished El Niñ o years.
Introduction
The El Niñ o-Southern Oscillation phenomenon has become familiar around the world because substantial weather anomalies often occur during periods of extreme ''ENSO state.'' The warm and cold phases of ENSO-generally referred to as El Niñ o and La Niñ a, respectively-often bring anomalous regional seasonal rainfall and temperatures. Lists of years of extreme ENSO conditions have been composited, and multimonth life cycles of ''El Niñ o events'' and ''La Niñ a events,'' as well as associated seasonal weather anomalies, have been constructed and evaluated for the robustness of the characteristic marine surface and seasonal weather anomalies (see Halpert 1987, 1996; Trenberth and Caron 2000; Harrison and Larkin 1998; Smith et al. 1999) . Such composites provide a statistical basis for seasonal weather forecasting in the affected regions, if the statistical linkages are sufficiently strong (Leetmaa et al. 2001) . The dynamical basis for such relationships is based on the fact that extremes of ENSO involve substantially anomalous patterns of deep tropical convection and, hence, of largescale anomalous atmospheric forcing, which can be expected to drive both tropical and extratropical atmospheric circulation anomalies.
ENSO indices based on marine surface variability have been the most widely used. Seminal studies determined El Niñ o events based on SST variability along the Peruvian coast and along common shipping lanes in the far eastern tropical Pacific (Wyrtki 1975; Rasmusson and Carpenter 1982) . Currently, Niñ o-3, -3.4 and -4 SST anomaly indices, representing averages over particular regions of the central tropical Pacific, are in wide use. Of these, Niñ o-3.4 has been identified as optimum based on a number of criteria (Barnston et al. 1997; Trenberth 1997) . The Southern Oscillation index (SOI) representing the sea level pressure (SLP) difference between the islands of Tahiti and Darwin is also in wide use. Multivariate indices, such as the Bjerknes ENSO index (BEI; see Harrison and Larkin 1998) and the multivariate ENSO index (Wolter and Timlin 1998) , have also been proposed but have not gained wide acceptance. ENSO indices do not always vary consistently with each other [see Deser and Wallace (1987) for examples involving SLP and SST indices] and, thus, the characteristics of ENSO are different depending upon the index selected. Some ENSO indices have rather continuous, Gaussian like probability distributions. Others are more ''event like,'' with significant departures from Gaussian-type behavior. Thus, some indices (event like) are more consistent than others (Gaussian like) with the traditional practice of classifying distinct ''ENSO event'' years.
Recently, Larkin and Harrison (2005a,b) have suggested that there exists a need to distinguish some years with warm tropical Pacific SST anomalies (SSTA) from others based on the fact that the composite-averaged global seasonal weather anomalies depend on the spatial distribution of the SSTA. Particularly, years with warm Niñ o-3.4 anomaly that have not been commonly agreed upon as El Niñ o years were shown, in an average sense, to have different seasonal weather anomalies than those more commonly agreed upon.
We provide a view of recent warm-ENSO variability using outgoing longwave radiation (OLR) measurements, which have been available reliably from satellite measurements since about 1979. The tropical Pacific undergoes large intraseasonal and interannual variations in deep atmospheric convection (Trenberth et al. 1998) . By suitable averaging of OLR over space and time, it is possible to filter out the intraseasonal variability. In the tropics, OLR variability is a good proxy for the deep atmospheric convection conditions that generate atmospheric heating anomalies and force local and remote atmospheric circulation anomalies [see Lau et al. (1997) ; Garreaud and Wallace (1997, 1998) ; see also Arkin and Meisner (1987) for a related cloud fraction index]. Chelliah and Arkin (1992, hereafter CA92) have previously recommended a date-line-centered ''OLR ENSO index.' ' Curtis and Adler (2000) also previously suggested the ''ENSO precipitation index'' (ESPI), based on a measure of the zonal precipitation gradient between the tropical Pacific and Maritime Continent regions. Analysis herein of the covariability of OLR and 500-mb geopotential height anomaly (described later) identifies a different region than recommended by CA92 as predominantly important to tropically driven global atmospheric circulation anomalies. Later, a view of recent warm-ENSO variability is constructed based on OLR behavior in this [eastern-central Pacific (ECP)] region and is compared to that offered by some widely used ENSO indices and the indices suggested by CA92 and Curtis and Adler (2000) .
It is shown that a distinct type of OLR behavior was observed over the eastern-central Pacific (defined broadly here as the region 58S-58N, 1708-1008W) in four satelliteera years commonly agreed upon as ''El Niñ o'' (1982 /83, 1986 /87, 1991 /92, and 1997 . In these years, OLR values typical of the convectively active western Pacific were observed in the eastern-central Pacific, in a broad regionaveraged sense. The other years in this period are not particularly distinct from an OLR perspective.
Data
We use monthly averages of the daily ''interpolated OLR'' data provided by the National Oceanic and Atmospheric Administration's Office of Oceanic Atmospheric Research/Earth System Research Library's Physical Sciences Division (NOAA/OAR/ESRL PSD), Boulder, Colorado, from their Web site (available online at http:// www.cdc.noaa.gov). This is a satellite-derived product available on a 2.58 3 2.58 grid. Details of the interpolation technique are described in Liebmann and Smith (1996) . Here, anomalies are determined from monthly average climatology (base period 1979-2007) , though we also consider absolute monthly OLR values, since these offer a more direct connection to anomalous atmospheric heating.
We also consider various SSTA-based ENSO indices (same base period as OLR for consistency), determined from the NOAA Extended Reconstructed Sea Surface Temperature (ERSST) dataset (version 3, available online at http://www.cdc.noaa.gov/cdc/data.noaa.ersst.html; Smith et al. 2007) . Conventional spatial averaging procedures were used to obtain the Niñ o-4, Niñ o-3.4, Niñ o-3 (58S-58N, 1608E-1508W; 58S-58N, 1708-1208W; and 58S-58N, 1508-908W, respectively) and Niñ o-112 indices (108S-08, 908-808W). A 3-month running-average filter was applied to each of these indices, consistent with common practice and the current NOAA Climate Prediction Center Niñ o 3.4-based ''oceanic Niñ o index'' definition. Interested readers are referred to Chiodi and Harrison (2008) for results of similar analyses using monthly average SSTA. Results consistent with those discussed here (but not shown) can also be obtained using Met Office Hadley Centre Sea Ice and Sea Surface Temperature dataset (HadISST) version 1 data (data available online at http://hadobs.metoffice.com/hadisst/).
Monthly averaged values of the mean sea level pressure at Darwin and Tahiti were obtained from the Australian Bureau of Meteorology. These data are available online (at http://www.bom.gov.au/climate). The definition for SOI used here is the one suggested as optimum for the consideration of interannual anomalies by Trenberth (1984) . In this case, a weighted, 13-month running-average filter is used to filter out intraseasonal and higherfrequency atmospheric variability (e.g., Madden-Julian oscillation) that occurs regardless of ENSO state. We note, however, that 30-or 90-day running averages are in common use for operational identification purposes.
Monthly values of the ESPI were obtained from the National Aeronautics and Space Administration's (NASA) Goddard Space Flight Center (data available online at http://precip.gsfc.nasa.gov/).
Results

a. Identifying an OLR index region
To statistically determine the patterns of OLR variability that are most strongly linked to broad-scale atmospheric circulation anomalies, we examine the joint singular value decomposition (SVD) of OLR and global 500-mb geopotential height (z500) anomaly. In this case, the OLR region considered is bounded by 308S and 308N, but all latitudes are considered (this was also done in the analyses described by CA92, which considered only OLR variability). Results using normalized monthly averages of OLR and z500 anomaly are discussed here (normalization accomplished here by dividing by the standard deviation at each grid point), though qualitatively similar results are obtained using 3-month running averages, and/or nonnormalized data (not shown). Readers are referred to Bretherton et al. (1992) for a more thorough discussion of the properties of SVD analysis than is given here.
The dominant SVD pattern of OLR anomaly (OLRA) covariation shows a broad maximum spanning the central equatorial Pacific [ Fig. 1a; as is now customary, we present the ''covarying part'' of the OLR anomaly by showing the correlation between the OLR-side SVD timeexpansion coefficients and the monthly OLR anomaly, called the ''homogeneous correlation map'' by Bretherton et al. (1992) ]. In this case, peak values are seen in the region bounded by the date line and about 1508W, though substantial correlation also extends to the far eastern equatorial Pacific. The temporal variability (OLR-side SVD expansion coefficients) of this OLR anomaly pattern is well reproduced by the index formed by averaging the OLR anomaly over the region bounded by 58S, 58N and 1708E, 1008W (cf. black and gray curves in Fig. 2 ). In this case, 1708E and 1008W were the round-numbered bounds found to give the highest correlation with the SVD results. The bounds 58S and 58N are also used by the CA92-recommended index and the commonly referred to SSTA-based ENSO indices (discussed later).
In this case, focusing on the first SVD mode appears justified since it explains 56% of the (squared) covariance (Bretherton et al. 1992) , whereas the second and third modes (not shown for brevity) explain only 7% and 6%, respectively. Also, these two lesser modes were found upon inspection to resemble some lesser modes discussed previously in statistical examinations of OLR variability [specifically, CA92 modes 3 and 2 and Waliser and Zhou (1997) modes 4 and 3], which were interpreted to primarily reflect aliasing effects caused in part by the need to rely on OLR measurements from different satellites over the study period, and by some OLR anomaly features that occur around the time of the largest first-mode events (e.g., 1982-83) but are not contained in the dominant mode.
b. The eastern-central Pacific OLR perspective
A distinct type of variability is seen in the index formed by averaging OLR anomaly over the broad ECP region highlighted by this joint SVD analysis (Fig. 2a) . Most notably, the amplitudes and durations of the anomalies seen during the interannual periods of 1982/83, 1986/87, 1991/92, and 1997/98 rather unambiguously distinguish these events from the background OLR anomaly variability seen at other times.
Absolute ECP OLR values ( Fig. 2b) , which serve as a proxy for anomalous atmospheric heating, are most often (about 84% of the time) above 250 W m
22
, indicating that nonconvective conditions persist, in a regional and monthly average sense, in the ECP throughout most years (even though the western portion of the region considered here may see considerable localized convection). ECP OLR typically shows a strong seasonal cycle (see Fig. 2b ), in which seasonal minima in the 250-260 W m 22 range are usually seen in the months of March or April and maxima, ranging from about 265-290 W m
, occur around September. Convective activity during the large events of 1982/83, 1986/87, 1991/92, and 1997/98 , however, was quite different from this usual behavior. In these four events, ECP reached annual minima at different times of the year and at well below normal values, reaching levels more typical of the convectively active western Pacific. During these events, monthly averaged ECP OLR even crossed into the deep convective regime (OLR , 230 W m
; see Garreaud and Wallace 1997, 1998 ) in a regionally averaged sense (see Fig. 2b ).
It is notable that these four events are commonly agreed upon as warm-ENSO events, and that the areas under these four peaks are qualitatively consistent with the generally agreed upon relative sizes of recent warm-ENSO events (e.g., the 1982/83 and 1997/98 events are larger than the 1986/87 and 1991/92 events). Given the unusual size of these four events, a wide range of threshold values can be used to unambiguously distinguish these events from background variability. Thus, these four events can be clearly identified by visual inspection, and a case can be made that they represent significant eventsboth on a statistical (discussed in greater detail later) and phenomenological (OLR crossing to the convective regime) basis.
c. Comparison with other ENSO indices
Although there is significant agreement between the ECP OLR anomaly and Niñ o-3.4 SSTA indices (see Fig. 3b ; Table 1 ), it is clear that the relationship is not a perfect match. There is general agreement among the relative sizes of the four largest events from each index, which roughly coincide with each other. It is clear, however, that there were several years with warm Niñ o-3.4 SSTA [;(0.5-2) standard deviations (s) warmer than average] but nearly normal ECP OLR values (e.g., 1979 /80, 1992 /93, 1994 /95, 2002 /03, 2004 /05 and 2006 . Thus, while it is true that the four largest ECP-convection events occur during times of warm Niñ o-3.4 SSTA, the converse does not hold; warm Niñ o-3.4 SSTA does not necessarily lead to convection over the ECP. This suggests that warm Niñ o-3.4 SSTA is a necessary but insufficient condition for convection to reach the ECP.
The distributions of the amplitudes of the interannual anomalies seen in the ECP OLRA and Niñ o-3.4 SSTA indices have significantly different character, which can lead to different assessments of recent tropical Pacific variability, depending on the choice of index. There is significant separation between the peak amplitudes of each of the largest four ECP OLRA events and the observed background variability. Each of these four (negative) peak amplitudes exceeds the time series mean by 2.5s, and the two largest have peak amplitudes in the (3.75-4.0)s range. The peak amplitude of the lesser of these four events (1986/87) is about 1s greater than the next highest (seen in 1992/93), leaving a significant gap between the peak amplitudes of the four largest (negative anomaly) events, and the amplitudes of the other interannual anomalies, which are all within about 1.6s of the overall time series mean. This feature makes the four largest events stand out from the other variability resolved by this index.
The picture from Niñ o-3.4 SSTA is rather different. Using 1s as a rough threshold value, the number of events that can be unambiguously distinguished from Niñ o-3.4 SSTA is two: the events of 1982/83 and 1997/98, which peak in the (2.5-3)s range. This leaves the commonly agreed upon warm-ENSO events of 1991/92 and 1986/87 in the mix of four other single-peak events within 1s of the 1991/92 event peak (1994/95, 2002/03, 2004/05, and 2006/07) in addition to, possibly, events in 1987/88 and 1990/91, depending on annum chosen (1987/88 is given event status more commonly than 1990/91). The peaks of these anomalies are not very well separated in amplitude from several other interannual warm anomalies that peak above 0.5s (e.g., 1979/80, 1992/93, 2003/04, and 2005/06) . Thus, we find that the number of warm events determinable from Niñ o-3.4 SSTA alone depends rather precisely on the threshold value used.
Looking farther east, we see an increase in relative separation between the two highest SSTA peaks (in 1982/ 83 and 1997/98 ) and the background variability resolved in the Niñ o-3 and Niñ o-112 indices (more so for Niñ o-112; cf. Figs. 3c and 4d ), but the amplitudes of the secondary peaks remain rather continuously distributed and relatively close to the mean. From this perspective, classifying anomalies using Niñ o-3 or Niñ o-112 is similar to using Niñ o-3.4, and these three SSTA-based indices relate similarly to OLR variability. A somewhat different type of SSTA behavior is seen in the western Pacific Niñ o-4 region, in that the peaks of the 1982/83 and 1997/ 98 anomalies do not stand out especially from others, and the amplitudes of the warm-anomaly peaks do no rise much above 1s (Fig. 3a) .
SOI is significantly correlated with the other time series considered here ( Fig. 4a; Table 1 ) though discrepancies are apparent and can lead to interpretations of interannual anomalies different from those of SSTA, as has been discussed in previous work (Deser and Wallace 1987) . Nonetheless, some of the lowest minima in SOI are seen at the times of the four largest eastern Pacific OLR events discussed earlier, confirming these as conventional warm-ENSO years (i.e., both El Niñ o and ''Southern Oscillation'' years). In SOI, however, these four events do not stand out significantly from several other troughs with roughly the same amplitude (e.g., 1992/93, 1994/95, 2002/03, and 2004/05 ). Here we have considered lowpass-filtered SOI to highlight interannual variability (as recommended by Trenberth 1984) . The results of the analysis described earlier, however, are qualitatively similar for monthly average SOI values (see Chiodi and Harrison 2008) .
The ESPI is determined from a measure of the difference in precipitation rate between the Maritime Continent region and the central tropical Pacific, and it was designed to ''ensure a good relationship with SST and pressure-based indices'' (Curtis and Adler 2000) . It is also highly correlated with ECP OLRA, (see Fig. 4c ; Table 1 ), though substantial differences in the character of these two indices are apparent. Whereas the peaks of the four largest convective-type interannual anomalies are separated from the others by at least 1s in ECP OLRA, none of the interannual peaks in the ESPI are distinguished by this amount; the largest separation (0.6s) occurs between the amplitudes of the (larger) 1997/98 and 1982/83 anomalies. The ESPI also appears to be more affected than ECP OLR by intraseasonal variability. Curtis and Adler also suggested a related precipitation-based El Niñ o index (EI). The relationship between EI (not shown for brevity) and ECP OLR is qualitatively similar to that discussed earlier. After the two largest EI peaks (separated from the third largest by 0.8s), there is only a rather small amount of separation between the amplitudes of subsequent interannual anomalies; the amplitudes of the next five highest-ranking anomalies are spread within the gap of about 0.5s that separates the third and eighth largest anomalies.
The convective behavior of the date-line-centered CA92 OLR-based index (58S-58N, 1608E-1608W) is similar in some respects to that of the eastern Pacific, but it shows some important differences on interannual time scales (cf. Figs. 2a and 4b ). CA92 and ECP OLRA are positively correlated, and convective events (troughs) are seen in the CA92 index during times roughly coincident with the four largest eastern Pacific events. The relative sizes of the CA92 convective events, however, are different than those in the eastern Pacific. For example, the amplitudes attained during the 1986/87 and 1991/92 CA92 events are larger than those seen in 1997/98 and 1982/83. And an event not particularly distinguished by ECP OLRA (1994/95) attains the largest amplitude in the period considered. In addition to these, several other CA92 events with similar amplitude and duration were observed during years in which the eastern Pacific exhibited mostly normal behavior. Such CA92 anomalies were seen in some years with warm-event status based on some ENSO indices (e.g., 2002/03, 2004/05, and 2006/ 07) and others usually not considered to be warm events (e.g., 1992/93 and 1989/90). Unambiguously classifying event years based on the CA92 index is made difficult by the fact that amplitudes of interannual anomalies are rather continuously distributed (this is discussed more later).
It is also notable that, whereas eastern Pacific OLR variability is dominated by convective events, CA92 index variability does not particularly favor anomalies of one sign or the other; positive anomaly (clear sky) events are nearly as large as negative anomaly (deep convection) events. This can be partially understood by considering the skew 1 of monthly averaged OLR anomaly in the tropical Pacific (Fig. 5) , which shows that the CA92 index mixes regions of moderate (magnitude ,1) negative and positive skew, whereas eastern-central Pacific OLR variability is distinguished by rather large (,22) negative skew. Inspection has shown that indices qualitatively similar to the eastern Pacific average shown earlier (but more highly skewed) can be obtained by averaging OLR anomaly over subregions of the eastern equatorial Pacific Curtis and Adler (2000) . Please note that the weighted 13-month running-average filter suggested by Trenberth (1984) has been applied to SOI. (period 1979-2007) .
FIG. 5. Skew of monthly average OLR anomaly
1 Skew is a statistical measure of the relative strength of the tails of a distribution; that is, negatively (positively) skewed variables have relatively strong negative (positive) tails. that include the skew minima seen in the eastern-central Pacific, centered near 1358W.
d. Index distributions
Visual inspection of the indices discussed earlier suggests that ECP OLR is more eventlike than some of the commonly used ENSO indices (e.g., Niñ o-3.4, SOI). To further examine this, the distributions of the indices discussed earlier are shown in Fig. 6 . Here, 1s-spaced bins are used, though results are qualitatively similar at (0.25-2.0)s spacing. For comparison, we show the 95% (upper bar) and 5% (lower bar) probability levels, as well as an expected value (middle bar), for a Gaussiandistributed variable with the same mean and s as found in the observations. The probability levels were estimated by Monte Carlo methods (described in the appendix) and give a rough indication of whether the observed variability is consistent with Gaussian behavior; a variable that is consistent with Gaussian behavior cannot be said to be very eventlike [see Chiodi and Harrison (2008) for a discussion of the distributions of interannual anomaly amplitudes that can be expected from Gaussian-type behavior].
The distribution of monthly-mean values of eastern Pacific OLR anomaly is non-Gaussian in many respects (Fig. 6a) . Three of the four negative-tail bins (21, 22, 23, and 24)s contain values inconsistent with Gaussian-type behavior; the 1s bin [bounds of (0.5-1.5)s], which contains values either leading up to the four convective events or peaks of secondary anomalies, is significantly less populated than expected based on Gaussian behavior; the 22s bin is consistent with a Gaussian-type behavior but is mainly composed of values in the growth-decline stages of the large events (17 of the 19 values, or about 90% of the values in this bin are large event growthdecline values; 2 values are peaks of secondary events); the 23s and 24s bins, which contain values only from the four large events, both contain more values than expected. Together, these features make the four large events stand out rather unambiguously from the secondary events.
A feature of this index that is particularly uncommon to Gaussian-type behavior is that it crosses the 23.5s level on two occasions: during the events of 1982/83 and 1997/98. Since only about 0.046% of the area (two tailed) under a Gaussian distribution curve lies this far from the mean, the binomial distribution can be used to determine the probability ( p 1 ) that this threshold would be exceeded 2 or more times by a Gaussian-distributed variable. Using values of degrees of freedom (DOF) per year from 1 to 3 (cf. estimation methods in Harrison and Larkin 1997; Leith 1973) 23 , in this case at the 95% level) show that the ECP OLR index is significantly non-Gaussian, in an overall sense.
We have repeated the binning analysis discussed earlier for each of the other ENSO indices considered here. The notable result in the cases of the Niñ o-4, Niñ o-3.4, SOI, ESPI, and CA92 indices is that none of these indices show significant departures from Gaussian-type behavior; none of the bins shown in Figs. 6b-f contain values that exceed the p 5 0.05 or p 5 0.95 levels (upper and middle hash marks in Fig. 6 ). This is also the case for unfiltered monthly values of Niñ o-3.4 and SOI (not shown). Given this result, it is not surprising that the amplitudes of interannual anomalies seen in the index described earlier are rather closely ranked [see Chiodi and Harrison (2008) for the expected ranking of Gaussiantype events]; thus, ''events'' cannot be distinguished from ''nonevents'' in an unambiguous manner by consideration of these indices alone.
It is interesting to note, however, that the distribution of the more traditional, but currently less referred to, Niñ o-112 index shows significant departures from Gaussian-type behavior (this is true also for Niñ o-3 but to a lesser degree than Niñ o-112; cf. Figs. 6g and  6h) . The Niñ o-112 index has more values near the mean and fewer moderately anomalous values than expected for a Gaussian-type variable (though not significantly so), and it has significantly more values in the positive (warm SSTA) tail. Thus, this more traditionally used index is more consistent than Niñ o-3.4 SSTA or SOI with the traditional practice of classifying distinct El Niñ o states (e.g., Wyrtki 1975; Rasmusson and Carpenter 1982) .
We have confirmed that the results of this section are consistent with those obtained from the more commonly used Lilliefors test for normality (see Wilks 1995) . For example, the ECP OLR index is determined to be significantly different from a Gaussian-distributed variable, whereas the behaviors of the Niñ o-4, Niñ o-3.4, SOI, ESPI, and CA92 indices cannot be said to be significantly different from Gaussian-type behavior, according to the Lilliefors test (test statistics and critical values are given in Table 2 ).
Discussion and conclusions
The perspective on recent warm-ENSO behavior offered by the eastern-central Pacific OLR index discussed here is differen from that offered by the most commonly used ENSO indices (e.g., SOI and Niñ o 3.4). This OLR perspective rather unambiguously distinguishes four satellite-era years commonly agreed upon as El Niñ o years: 1982 Niñ o years: /83, 1991 Niñ o years: /92, 1986 Niñ o years: /87, and 1997 . The same cannot be said for the SSTA-based indices or SOI. In the case of the SSTA indices, two interannual time-scale events stand out from the rest: 1982/83 and 1997/98. While the ECP OLR-based index confirms that these two events are the largest in recent record . . , 21, 0, 1, etc. ). Upper and lower hash marks in each bin shows 0.95 and 0.05 probability levels for a Gaussian-distributed variable with equivalent mean and standard deviation. Temporal smoothing is consistent with the curves shown in Figs. 3 and 4 ; monthly averages for OLR and ESPI, 3-month running averages for SSTA, and Trenberth (1984) -type smoothing for SOI (results remain qualitatively similar using monthly average SSTA and SOI).
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(consistent with the commonly agreed upon relative sizes of El Niñ o events), the more interesting question is, how many more events occurred in the satellite era? Since SOI and the SSTA-based indices show numerous other interannual anomalies that are not very well separated from each other or from background variability, we find it difficult to satisfactorily answer this question from SLP and SSTA information alone. It is shown that the distribution of ECP OLR is significantly ''eventlike,'' whereas the most commonly used indices are shown to essentially behave like Gaussiantype variables. The use of an eventlike index, such as ECP OLR, is ideal for the type of compositing studies that have previously revealed useful information about the types of global seasonal weather anomalies that occur during periods of extreme ENSO state, and the mechanisms responsible (e.g., Rasmusson and Carpenter 1982; Halpert 1987, 1996; Trenberth and Caron 2000; Harrison and Larkin 1998; Smith et al. 1999 ). We therefore suggest that using OLR information to determine the warm-ENSO state of the tropical Pacific is more consistent with the ongoing practice of operationally determining distinct warm-ENSO states than using the most commonly referred to indices.
It is notable that the ECP OLR-based index, derived from monthly rather than longer-term means, often gave an early enough indication of an oncoming event to be useful to midboreal-winter-and-later forecasting efforts. This index is therefore suitable for operational determination of warm-ENSO events. The SSTA-based definitions currently in place more often gave an earlier indication of an ensuing warm-ENSO event, although not all warm-SSTA conditions lead to distinctive convection conditions. We suggest that an operational system that uses OLR information to confirm event status, and other sources of information to determine event likelihood, may be optimal.
The ECP OLR perspective is also different from that offered by the ESPI and the OLR-based index suggested by CA92. In each case, different regions, each with a somewhat distinct type of variability, were used to determine the indices. Chelliah and Arkin focused on OLR variability around the date line, where OLR variance is highest, but peaks with amplitude and duration similar those seen in the events distinguished by ECP OLR can be seen in several other years, including some that have not been traditionally considered warm-ENSO years. We suggest that the occurrence of deep convection in this region can be considered an aspect of, but not exclusive to, the El Niñ o phenomenon. In the ESPI case, precipitation anomalies in the Maritime Continent region are considered in addition to anomalies in a region similar to the one mainly considered here. In preliminary studies that considered OLRA averaged over multiple 308 longitude by 108 latitude-spaced boxes spanning the Pacific, visual inspection failed to reveal distinct OLR variability on interannual time scales in the western Pacific and Maritime Continent regions. We suspect that, not withstanding the moving-average method used to determine the ESPI (Curtis and Adler 2000) , the inclusion of information from this region can explain much of the difference between the ESPI and ECP OLRA index.
Recently, Larkin and Harrison (2005a,b) pointed out that the current National Oceanographic and Atmospheric Administration (NOAA) Niñ o-3.4 SSTA-based definition identifies ''El Niñ o'' for several years that have not commonly been considered as such. They also showed that the composite average global seasonal weather anomalies associated with these so-called date line El Niñ o years are substantially different from those averaged over those more commonly agreed upon as El Niñ o years (called ''conventional El Niñ o'' years by Larkin and Harrison) . This suggests a need for distinguishing some years with warm tropical Pacific SSTA from others for the purposes of seasonal climate monitoring and prediction. A methodology for doing this, however, was not suggested by Larkin and Harrison. Since then, a number of studies have focused on the characteristics of periods with tropical Pacific SST anomalies of substantial magnitude but with spatial distribution distinct from the conventional El Niñ o years (e.g., Ashok et al. 2007; Weng et al. 2007; Wang and Hendon 2007; Kug et al. 2009 ). An index for this other (D) , which tests for the maximum difference between the empirical and theoretical (Gaussian) cumulative distribution functions. Depending on the estimation method used (cf. Harrison and Larkin 1997; Leith 1973) , the number of DOF in these time series (period 1979-2007) can range from 29 (one a year) to 87 (three a year). The Lilliefors 95% (99%) confidence level (Wilks 1995, It remains to confirm that significant and robust seasonal weather anomalies occur in the years distinguished by OLR. Although the relatively few number of years in this case likely limits the overall statistical significance that can be placed on composite averages, we plan to pursue this in future work.
From an OLR-based perspective, it is clear that the events of 1982/83, 1986/87, 1991/92, and 1997/98 deserve special recognition. We believe it makes good sense to distinguish these events from others in the satellite era that have been related to warm-ENSO by some indices (i.e., 1994/95, 2002/03, 2004/05, and 2006/07) but do not show convection over the eastern-central Pacific. The variability of the tropical Pacific in the years not distinguished by the OLR index proposed here is intrinsically interesting, and a better understanding of the factors that can push or limit the variability into one of these classes is needed. Unfortunately, the limited number of events observed in the satellite era prohibits a rigorous comparison of the mechanisms that control this, though this is likely fertile ground for future studies. comments from K. Trenberth, N. Bond, and three anonymous reviewers. This publication is (partially) funded by the Joint Institute for the Study of the Atmosphere and Ocean (JISAO) under NOAA Cooperative Agreement NA17RJ1232.
APPENDIX
Gaussian Distribution Confidence Intervals
To aid comparison of the distributions of monthly averages discussed earlier, we compare observed results to those expected from a commensurate Gaussiandistributed variable (see hash marks in Fig. 6 ). Here we describe how the most probable value, the 5% confidence interval, and the 95% confidence interval were determined. In this case, the 95% level corresponds to the value that a Gaussian-distributed variable, with a mean and s equivalent to observations, would exceed, on average, in only 1 of 20 chances, based on random selection (likewise, the chance of not reaching the 5% level is 1 in 20).
We first determine s and the degrees of freedom contained in each time series (values shown in Table 3 ). Degrees-of-freedom values used here are determined by estimating the time between independent samples based on the time lags at which the lagged autocorrelation of each index crosses 0. Trials have shown that the results shown in Fig. 6 are not highly sensitive to the degrees of freedom specified (e.g., qualitatively similar results are obtained when using 1-3 degrees of freedom per year).
Then we generated multiple hypothetical time series using a Gaussian random-number generator (this was Each member of this library was then binned according to the procedure used for the observations. The bin values were then sorted in rank order from 1 to 100 000. The average number of values in each bin determines the expected value (middle hash in Fig. 6 ). The 5000th value determines the 5% level and the 95 000th determines the 95% level. Experiment has shown that these levels are stable over multiple repetitions of this procedure relative to the differences seen between observational results.
